Objective To evaluate the utility of assessing subsyndromal symptoms of major depressive disorder in childhood, indexed through the Child Behavior Checklist (CBCL) anxiety/depression scale, in predicting risk of developing major depressive disorder in adolescent and young adult years.
Results Children of parents with mood disorders plus subsyndromal scores on the CBCL anxiety/depression scale at baseline (n = 22) had the highest risk for developing major depressive disorder and anxiety disorders at the 10-year follow-up when compared with the other groups. Children with either subsyndromal scores on the CBCL anxiety/depression scale at baseline alone (n = 22) or parental mood disorders alone (n = 172) had intermediate outcomes.
Conclusion
The CBCL anxiety/depression scale was useful in identifying children at high risk for the development of major depressive disorder and anxiety disorders at the 10-year prospective follow-up. Furthermore, our results emphasized the importance of familial psychiatric history in youth with subthreshold symptoms of depression. Parental mood disorder and subthreshold anxiety/depressive symptoms were predictive of developing depression.
(J Pediatr 2018;201:252-8).
P ediatric major depression is a prevalent, highly morbid, and disabling disorder. 1 Up to 11.7% of youth in the US are estimated to experience major depressive disorder by adolescence. 2 Pediatric-onset of major depressive disorder is associated with very high levels of chronicity, morbidity, distress, and disability affecting all aspects of the child's life, including an increased risk for suicide. 3 Early identification of depression has been previously discussed as an important factor that could alter future outcomes of major depressive disorder in youth. [4] [5] [6] [7] [8] However, limited research exists that evaluates the feasible means of identifying children at risk.
A study in preschoolers 9 showed that subsyndromal major depressive disorder during preschool years was predictive of full major depressive disorder in later childhood. The Oregon Adolescent Depression Project prospectively followed youth with subsyndromal major depressive disorder into adulthood, finding that 34% 10 to 51% 11 of such youth progressed to full major depressive disorder. These studies suggest that subsyndromal forms of major depressive disorder, including negative or irritable mood, symptoms such as loss of interest ("doesn't want to play as much as he used to"), physical complaints ("frequent tummy aches"), and negative self-talk ("I can't do anything right"), that may not meet the diagnostic threshold could predict the future development of full diagnostic major depressive disorder.
Whether subsyndromal scores of the CBCL anxiety/depression scale predict a compromised course for preadolescents at risk for major depressive disorder has important clinical, scientific, and public health implications. Clinically, this knowledge would aid in the early identification of young children at high risk for developing major depressive disorder and support early intervention efforts aimed at mitigating the compromised course of such children. From the public health perspective, this knowledge could encourage efforts aimed at early identification of such children in both schools and primary care settings.
The main aim of the present study was to evaluate the predictive utility of subsyndromal CBCL anxiety/depression score in identifying children at risk for major depressive disorder 10 years later, as they transition to adolescence and young adult years. We hypothesized that subsyndromal symptoms of depression indexed through subsyndromal CBCL anxiety/ depression scores at baseline in childhood would increase the risk for the development of major depressive disorder in adolescence and young adult years.
Methods
The sample was derived from 2 identically designed longitudinal case-control family studies of youth of both sexes, ages 6 to 17 years, with and without attention-deficit hyperactivity disorder (ADHD) referred from psychiatrists and pediatricians, as well as their first-degree biological relatives (parents and siblings). 12, 13 Potential subjects were excluded if they had major sensorimotor handicaps, psychosis, autism, inadequate command of the English language, or full scale IQ of <80. The human research committee at Massachusetts General Hospital approved this study. Parents gave written informed consent for their participation. Parents also gave informed consent for children under age 18 years, and these children participated only if they assented to the study procedures. The institutional review board approved the consent procedure and the consent and assent forms.
Assessment Procedures
As previously described [13] [14] [15] [16] 19 to assess childhood diagnoses. Children were assessed using the Schedule for Affective Disorder and Schizophrenia for Children completed with the parents. For youth older than 12 years of age, direct interviews were also conducted with the child. For these double interviews, a diagnostic criterion was considered positive if endorsed in either interview. Highly trained and closely supervised raters conducted all diagnostic assessments and were blind to ascertainment source of families (ADHD or controls). To assess reliability of our diagnostic procedures, we computed kappa coefficients of agreement with blinded, board-certified psychiatrists and licensed clinical psychologists diagnosing subjects from audiotaped interviews. Based on 500 assessments from interviews of children and adults, the median kappa coefficient was 0.98. Social functioning was assessed via the global assessment of functioning (GAF) 20 and socioeconomic status was measured using the 5-point Hollingshead scale.
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Child Behavioral Checklist Parents completed the 1991 version of the CBCL for ages 4-18 years. The CBCL queries the parent about the child's behavior in the past 6 months and aggregates these data into raw scores for each subscale (anxious/depressed, withdrawn/ depressed, somatic complains, social problems, thought problems, attention problems, rule-breaking behavior, and aggressive behavior). Raw scores are then converted to sex and age standardized scores (t scores having a mean of 50 and SD of 10). 22 A minimum t score of 50 is assigned to scores that fall at midpoint percentiles of ≤50 on the syndrome scales. T scores above 70 (2 SD) indicate a clinical disorder. We defined subsyndromal major depressive disorder as a CBCL anxiety/depression subscale t score of ≥55 and <70.
Statistical Analyses
Because ADHD is known to increase the risk for comorbid psychopathology and dysfunction such as major depressive disorder, for this study we excluded probands with ADHD, including only non-ADHD comparison probands and siblings of ADHD and non-ADHD probands. We also excluded any children who had major depressive disorder or bipolar disorder at baseline because we were interested in examining the development of major depressive disorder at the 10-year followup. Children who had dysthymia or subthreshold major depressive disorder or bipolar disorder-I were included in the analysis. We used data from the 10-year follow-up time point for boys and 11-year follow-up time point for girls to assess current social functioning. The years of follow-up after the baseline visit (10 years for boys and 11 years for girls) were predetermined in the original study. 13, 23 As previously reported in the baseline assessment, 24 we stratified the sample of youth into 4 groups based on the presence or absence of parental mood disorders, including parental major depressive disorder and bipolar disorder, and the presence or absence of subclinical elevations of CBCL anxiety/depression subscale (t score of ≥55 and <70, ≥0.5 SD and <2 SD) at baseline in childhood. The 4 groups consisted of (1) children with parental mood disorder without subsyndromal elevations of the CBCL anxiety depression scale (high risk, n = 172); (2) children without parental mood disorder and subsyndromal elevations of CBCL anxiety/ depression subscale (subsyndromal major depressive disorder, n = 22); (3) children with both parental mood disorder and subsyndromal elevations of CBCL anxiety/depression subscale (high risk + subsyndromal major depressive disorder, n = 22); and (4) children with neither parental mood disorder nor subsyndromal elevations of CBCL anxiety/depression subscale (controls, n = 186).
We analyzed demographic characteristics and social functioning outcomes using linear regression, ordinal regression, and logistic regression. We analyzed lifetime prevalence of psychiatric disorders using Kaplan-Meier failure functions and Cox proportional hazards models. We defined lifetime history of a disorder as positive if the subject met full diagnostic criteria at any assessment (boys ADHD study: baseline, 1-year follow-up, 4-year follow-up, 10-year follow-up; girls ADHD study: baseline, 5-year follow-up, 11-year follow-up). These models used all available data for each participant, including those who did not return for the 10-/11-year follow-up. Because we were interested in the development of major depressive disorder, we excluded all subjects who did not return for at least 1 follow-up visit (n = 25) from the analyses of major depressive Volume 201 • October 2018 disorder. We used the earliest age at onset in computing the survival time for cases and the age at the last assessment as the time of censoring for noncases. Because the anxiety disorders comprise many syndromes with a wide range of severity, we used 2 or more anxiety disorders as a useful summary variable. 25 We used robust standard errors in all regression models to account for the nonindependence of siblings. All tests were 2-tailed and performed at the .05 alpha level using Stata v 14 (StataCorp, College Station, Texas).
Results
Of the 537 subjects at baseline, 402 (75%) returned for the 10-/ 11-year follow-up (Table) . There were no significant differences in baseline age (lost: 11.4 ± 3.1 vs returned: 11.0 ± 3.2; F(1, 350) = 1.49, P = .22) or sex (lost: 78 [58% male] vs returned: 206 [51% male]; c 2 = 1.87, P = .17) between those who were lost to follow-up and those who returned for followup. However, there were significant differences between the 2 groups in socioeconomic status (lost: 1.9 ± 0.8 vs returned: 1.6 ± 0.8; c 2 = 9.40, P = .002). At baseline, those who returned for follow-up were of better socioeconomic status compared with those who were lost to follow-up. Broken down by group, 186 (72%) controls, 22 (85%) subsyndromal major depressive disorder, 172 (76%) high risk, and 22 (79%) high risk + subsyndromal major depressive disorder subjects returned for the 10-/11-year follow-up. The rate of return did not differ significantly between the groups (c 2 3 = 2.44, P = .49). Furthermore, there were no significant differences between the 4 groups in age, sex, or socioeconomic status at follow-up (Table) .
We found significant differences across the 4 groups in lifetime risk for combined mood disorders (major depressive disorder, bipolar disorder-I) (c 2 3=17.14, P < .001) with subjects in the high risk + subsyndromal major depressive disorder group having the highest risk, those in the high risk and subsyndromal major depressive disorder groups having intermediate risk, and those in the Control group having the lowest risk (Figure 1, A) . The significant differences in the combined mood disorders were driven by major depressive disorder, which showed the same pattern when examined on its own (c 2 3 = 13.54, P = .004) (Figure 1, B) . We found no significant differences when we looked at bipolar disorder-I alone (c 2 3=6.46, P = .09) (Figure 1, C) . The pattern in lifetime risk for multiple (≤2) anxiety disorders (c 2 3 = 31.85, P < .001) differed slightly from that seen in major depressive disorder, as subjects in the high risk + subsyndromal major depressive disorder had the highest risk, those in the subsyndromal major depressive disorder group had intermediate risk, and those in the high risk and control groups had the lowest risk (Figure 1, D) .
There were significant differences among the groups in GAF scores at the 10-/11-year follow-up (F(3, 269) = 4.48, P = .004). Subjects in the high risk + subsyndromal major depressive disorder and subsyndromal major depressive disorder groups had more impaired scores compared with those in the high risk and control groups (Figure 2) .
Discussion
We recently showed that subsyndromal symptoms of major depressive disorder, as expressed in subsyndromal elevations of the Child Behavior Checklist (CBCL) anxiety/depression subscale, helped identify children at elevated risk for major depressive disorder within the pool of children at genetic risk by virtue of having a parent with major depressive disorder. 24 In that study, the 20% of children with subsyndromal scores on the CBCL anxiety/depression scale differed significantly from the other 80% of children at genetic risk for major depressive disorder in multiple non-overlapping correlates, including the development of major depressive disorder and other psychopathologic conditions, as well as social and academic deficits. In contrast, children without this profile were indistinguishable from healthy controls on all measures assessed. However, as this was a cross-sectional investigation, uncertainties remained as to whether this profile has predictive utility in helping forecast the clinical course for children at risk for major depressive disorder into adolescent and young adult years, a peak developmental period for the manifestation of major depressive disorder in youth. 24 Our results now show that the groups with subsyndromal scores on the CBCL anxiety/depression scale at the baseline assessment in childhood had significantly elevated risk of developing major depressive disorder and anxiety disorders at the 10-/11-year follow-up into adolescent and young adult years. These results support the study hypothesis and suggest that subsyndromal symptoms of depression operationalized through subsyndromal scores of the CBCL anxiety/depression scale in .07
*Smaller sample sizes. Normal controls: n = 182; subsyndromal major depressive disorder: n = 21; high risk: n = 169; high risk + subsyndromal major depressive disorder: n = 21.
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Volume 201 childhood had predictive utility in identifying children at greater risk for major depressive disorder and anxiety disorders in adolescent and young adult years within and without the context of a genetic risk for major depressive disorder. Our results also emphasize the importance of familial psychiatric history in youth with subthreshold symptoms of depression. Parental mood disorder and subthreshold anxiety/ depressive symptoms were predictive of developing depression. The heritability of major depressive disorder has been discussed in clinical studies, 26, 27 epidemiologic studies, 28, 29 genetic studies, 29, 30 and neurobiological studies. 31, 32 Although subthreshold elevations of CBCL anxiety/depression scores were more predictive of major depressive disorder development in our study compared with family history, family history on its own also elevated the risk for major depressive disorder development. Further, family history also increased the risk for those who already presented with subthreshold major depressive disorder. Taken together, any family history of major depressive disorder elevates the children's risk for developing major depressive disorder.
The finding that children with subsyndromal scores on the CBCL anxiety/depression scale at baseline in childhood also showed increased risk for development of early onset anxiety disorders are not surprising, because the CBCL anxiety/ depression scale captures symptoms of anxiety and there is also a vast literature documenting high comorbidity between major depressive disorder and anxiety disorders. 33 Because of the high morbidity and dysfunction associated with anxiety disorders, these findings emphasize further the need for the early identification of children with subsyndromal symptoms of both anxiety and depression. The observation that children with subsyndromal scores of the CBCL anxiety/depression scale also had the most impaired levels of functioning as indexed through the GAF scale further stress the wide functional impact associated with subsyndromal symptoms of depression and anxiety.
The Cox proportional hazard regression finding that shows the development of syndromic major depressive disorder in children with subsyndromal CBCL anxiety/depression scores increased rapidly in adolescent years confirms previous findings, which indicates that the transition years of pre-to postadolescence represent the highest risk period for major depressive disorder development in youth. 34, 35 This result further highlights the importance of early identification of subsyndromal major depressive disorder in preadolescent youth to intervene prior to the full development of major depressive disorder. In addition, our results show that anxiety disorders emerge earlier than major depressive disorder, developing prior to the age of 10 years.
Our finding that there are no significant differences when we looked at bipolar disorder-I alone is not surprising. In our previous published work, our results suggested that severe depression in the youth was predictive of future development of bipolar disorder. 36 Because we were examining youth with subthreshold levels of anxiety and depression in this study, it is not surprising that this was not predictive of bipolar disorder.
Our observation that state subsyndromal symptoms of major depressive disorder as reflected in the subsyndromal depression at the baseline assessment in childhood predicted future developments of syndromic major depressive disorder are consistent with scant literature on the subject. 10, 11, [37] [38] [39] [40] [41] Klein et al reported an estimated risk of 67% for the escalation of subclinical levels of depression to full syndromic major depressive disorder at the end of a 15-year follow-up period. 42 Recent work 9 even suggested that subsyndromal symptoms of depression arising as early as ages 3-6 years are predictive of full threshold major depressive disorder in later childhood. Although the utility of the CBCL as a predictive tool of subsequent psychopathology has been previously examined in Petty et al, we have expanded this work to learn about the specific type of CBCL scores in predicting the outcome of major depressive disorder. 43 The current study was a 10-year followup from childhood into young adulthood, rather than 5 in the previous study, adding the results regarding longitudinal predictability of these CBCL scores.
Our findings must be viewed in light of some methodological limitations. We relied on longitudinal data from previously collected samples of probands with and without ADHD. However, these studies included children of both sexes ascertained from psychiatric and pediatric sources and all their firstdegree relatives who were comprehensively assessed with structured diagnostic interviews, neuropsychological, interpersonal, educational, and family functioning assessments. In addition, because ADHD is known to be a risk for mood and anxiety disorders, 33 we excluded the ADHD probands for the purpose of this analysis. We included children of parents with both major depressive disorder and bipolar disorder to enhance our statistical power. Although trends persisted when excluding children with bipolar disorder parents, doing so diminished statistical power. In addition, because our sample was clinically referred and primarily Caucasian, our findings may not generalize to community samples and other ethnic groups.
Despite these considerations, our study indicates that subsyndromal symptoms of major depressive disorder indexed through subsyndromal scores of the CBCL anxiety/depression subscale have predictive utility in identifying children at great risk for developing major depressive disorder, anxiety disorders, and associated impairments within and without the context of genetic risk for major depressive disorder. If confirmed, this observation could have very significant clinical and public health implications in the identification of children at the highest risk for the development of major depressive disorder. Early identification is the first step toward effectively allocating limited societal resources to help prevent illness progression and its associated impairments in children most in need. Considering its simplicity, strong psychometric properties, and limited cost, the CBCL scale lends itself to be used by health professionals and educators in the community. ■ Submitted for publication Jan 17, 2018; last revision received Apr 30, 2018; accepted May 30, 2018 
